Bacterial sarcosine oxidase: identification of novel substrates and a biradical reaction intermediate.
Corynebacterial sarcosine oxidase contains both covalently and noncovalently bound FAD and forms complexes with various heterocyclic carboxylic acids (D-proline and 2-furoic, 2-pyrrolecarboxylic, and 2-thiophenecarboxylic acids). 2-Furoic acid, a competitive inhibitor with respect to sarcosine, selectively perturbs the absorption spectrum of the noncovalent flavin, suggesting that the enzyme has a single sarcosine binding site near the noncovalent flavin. Several heterocyclic amines have been identified as new substrates for the enzyme. Similar reactivity is observed with L-proline and L-pipecolic acid whereas L-2-azetidine-carboxylic acid is less reactive. Turnover with L-proline is slow (TN = 4.4 min-1) as compared with sarcosine (TN = 1000 min-1). Anaerobic reduction of the enzyme with heterocyclic amine substrates at pH 8.0 occurs as a biphasic reaction. A similar long-wavelength intermediate is formed in the initial fast phase of each reaction and then decays in a slower second phase to yield 1,5-dihydroFAD. The slow phase is not kinetically significant during aerobic turnover at pH 8.0 and is absent when the anaerobic reactions are conducted at pH 7.0. EPR and other studies at pH 7.0 show that the long-wavelength species is a half-reduced form of the enzyme (1 electron/substrate-reducible flavin) containing 0.9 mol of flavin radical/mol of substrate-reducible flavin. This biradical intermediate exhibits an absorption spectrum similar to that expected for a 50:50 mixture of red anionic and blue neutral flavin radicals. A similar long-wavelength species is observed during titration of the enzyme with sarcosine and other reductants. Studies with L-proline suggest that reduction of the enzyme involves initial transfer of two electrons to the noncovalent flavin. The covalent flavin is not required and can be complexed with sulfite without affecting the rate of electron transfer. The initial half-reduced form of the enzyme appears to be rapidly converted to the biradical form via comproportionation of the reduced noncovalent flavin with the oxidized covalent flavin.